Involvement of proapoptotic molecules Bax and Bak in tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)-induced mitochondrial disruption and apoptosis: differential regulation of cytochrome c and Smac/DIABLO release.
Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)/Apo2L induces apoptosis in a wide variety of cancer and transformed cells. Activation of BID, a "BH3-domain-only" Bcl-2 family member, triggers the oligomerization of proapoptotic family members Bak or Bax, resulting in the release of mitochondrial proteins to cytosol. In this study, we have shown the importance of Bax and Bak in TRAIL-induced apoptosis by studying in murine embryonic fibroblasts (MEFs) from Bax(-/-) and Bak(-/-) animals. TRAIL induced cytochrome c release and apoptosis in wild-type, Bid(-/-), Bax(-/-), or Bak(-/-) MEFs, but not in Bax(-/-) Bak(-/-) double knockout (DKO) MEFs. Bid, which functions upstream of cytochrome c release, was cleaved in all of the knockout cells except in Bid(-/-) MEFs. The release of cytochrome c was correlated with caspase-9 activity. TRAIL increased caspase-3 activity in all of the cells except in DKO cells. TRAIL-induced drop in mitochondrial membrane potential was not observed in DKO MEFs. Unlike cytochrome c release, TRAIL-induced Smac/DIABLO release was blocked in Bid(-/-), Bax(-/-), Bak(-/-), or DKO MEFs, suggesting the differential regulation of these mitochondrial proteins during apoptosis. The apoptotic events downstream of mitochondria were intact in DKO MEFs, because microinjection of cytochrome c, or ectopic expression of mature Smac/DIABLO or pretreatment of Smac N7 peptide completely restored TRAIL sensitivity. In conclusion, the data suggest that Bax and Bak differentially regulate the release of cytochrome c and Smac/DIABLO from mitochondria, and Smac/DIABLO can be used to sensitize cells that are deficient in Bax and Bak genes, or resistant to TRAIL.